
















































The experimental results were compared, with mathematical predictions of the 
results to he obtained during the actions of drugs which might prevent 
ganglionic transmission by decreasing acetylcholine output from' preganglionic 
nerve terminals, or, alternatively, by preventing access of acetylcholine to 
post-synaptic cell receptors. The fit of the experimental data to the theoretical 
formulations was excellent and form the basis of the conclusions described above. 

A report of our work and a summary of our data' was submitted to the Scientific 
Advisory Board on July 31, 1958. 

We propose to continue our investigation by measuring acetylcholine 
output from ganglionic tissue, and to provide experimental evidence that nicotine, 
tetraethylammonium, and morphine can decrease this output. We hope to demonstrate 
that nicotine, tetraethylammonium, and morphine both decrease acetylcholine output 
and decrease ganglionic transmission' at similar dose levels appropriate to the 
respective agents. We hope to demonstrate, furthermore, that concentrations of the 
drugs greater than those required to decrease acetylcholine release and ganglionic 
transmission are needed to prevent the effects of acetylcholine. 

■ - -• ~ * We propose to carry out our analysis of the actions of nicotine, tetra¬ 

ethylammonium (TEA) 1 , morphine, and hexamethonium (C6) by means of the following 
sequence of investigations: 


1. To determine whether the agents can prevent release of acetylcholine 
from autonomic preganglionic nerve terminals: 


a. An assay method must be developed which will permit detection 
and assay of minute quantities of acetylcholine in the presence of interfering 
substances such as nicotine (which has actions similar to acetylcholine in most 
bioassay preparations} or TEA and C6 (which interfere with many of the chemical 
methods of determining acetylcholine). Preliminary experiments have indicated 
that a successful bioassay of acetylcholine, in dilutions as low as 10~9 to 10“ , 
can be carried out using the isolated eserinised rat ileum. This tissue is relatively 
insensitive to nicotine and, because of its low level of spontaneous tone, is not 
affected by TEA or C6. Increased specificity of the assay can probably be obtained 
by using differential pharmacological blockade of other substances, such as histamine 
or serotonin, which might appear in tissue extracts or the efflux from ganglionated 
tissues. We are actively pursuing the development of this bioassay technique, under 
the terms of our present grant. .. 


b. It must be determined whether, in fact, nicotine, TEA, and 
hexamethonium. can decrease acetylcholine output from' some nervous tissue, the 
acetylcholine output of which is known to be decreased by some drug. Schaumaim 
and, independently, Paton have demonstrated that morphine can in fact decrease 
acetylcholine output from excised guinea pig intestine. We propose to confirm' 
the findings of Scbaumann and Paton using the bioassay method described above (as 
a validation of our bioassay method) and then determine whether our validated method 
indicates that nicotine, TEA and heaxamathonium. can or cannot influence acetylcholine 
release. 


e. It must be determined whether nicotine, TEA, and hexamethonium 
can influence the acetylcholine output from the cat superior cervical ganglion 
stimulated via its preganglionic fibers. Two experimental methods are available 
for pursuit of this part of the problem: 1. The collection of venous effluent from 
the ganglion in situ and 1 the estimate of the acetylcholine content of the effluent 
in the presence and absence of the drugs under consideration. Elaboration of this 
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technique,, as it has been used by Macintosh and others, might well permit 
simultaneous recording of the responses of the nictitating, membrane to' 
preganglionic stimulation; such an elaboration might be the perfusion of 
the nictitating membrane ipsilateral to the test ganglion with blood from 
the contralateral carotid artery. 2. The collection of the medium in which 
an isolated ganglion might be suspended with its preganglionic innervation; 
and the determination of the acetylcholine content of the medium' during pre¬ 
ganglionic stimulation, in the presence and absence of the test drugs. 

2. To determine whether agents which decrease ganglionic transmission 
and can decrease acetylcholine output from preganglionic nerve terminals have 
these effects in similar dose ranges and block the effects of acetylcholine only 
in higher dose ranges: 


a. Nicotine, TEA, and morphine can block the effects on ganglia 
of injected acetylcholine; no studies have been made which compare precisely 
the doses required to produce impaired ganglionic transmission and those which 
block acetylcholine. We believe that such a study might, be made in' a preparation 
of both nictitating membranes of a cat, in one of which responses are induced by 
preganglionic' nerve stimulation, and in the other of which responses are induced 

by close intra-arterial injection to the ganglion of acetylcholine. After systemic, 
i.e., intravenous, administration of the test drugs, the abilities of the agents 
to prevent ganglionic transmission and to block acetylcholine might he compared 
directly and quantitatively. 

b. If attempts to demonstrate the effects of nicotine, TEA, and 
hexamethonium on acetylcholine release from ganglia in vitro are successful, 
direct comparisons of the concentrations of test drug required to impair ganglionic 
transmission and those required to' decrease acetylcholine output might be made in 
vitro. In this case, the measure of decreased ganglionic transmission might be 

the decrease in amplitude of post-ganglionic action potentials displayed oscillographically. 
Our laboratory is equipped with amplifiers and oscilloscopes necessary for this work; . • 
it would, however, be necessary to purchase a kymographic camera capable of recording 
post-ganglionic responses to high- frequency preganglionic st imu lation. 

If the results of the experiments we propose provide confirmation of 
our hypothesis of the mechanism of action of nicotine in decreasing transmission 
in autonomic ganglia, we hope to investigate whether such a mechanism might be 
responsible for xhe actions of nicotine at other sites such as the skeletal 
neuromuscular junction, and in the central nervous system. 
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